Fire and bison (Bison bison) are thought to be historically responsible for shaping prairie vegetation in North America. Interactions between temporal-spatial distributions of bison and prescribed burning protocols are important in current restoration of tallgrass prairies. We examined dynamics of bison distribution in a patchburned tallgrass prairie in the south-central United States relative to bison group size and composition, and burn age and temporal distribution. Bison formed larger mixed groups during summer and smaller sexually segregated groups the rest of the year, and bison selected dormant-season burn patches in the 1st postfire growing season most often during spring and summer. Large bison herds selecting recently burned areas resulted in seasonally variable and concentrated grazing pressure that may substantially alter site-specific vegetation. These dynamics must be considered when reintroducing bison and fire into tallgrass prairie because variable outcomes of floral richness and structural complexity are likely depending on temporal-spatial distribution of bison.
American bison (Bison bison) and fire are thought to be the 2 primary forces that shaped prairie landscapes in North America (Axelrod 1985) , and both have been reintroduced into extant tallgrass prairie (Hamilton 1996) . Fire is undoubtedly important for maintaining vegetation diversity and suppressing encroachment by woody species (Fuhlendorf and Engle 2001; Hartnett et al. 1996) , but the historical presence of large numbers of bison in tallgrass prairie has not been irrefutably established (Botkin 1995; Shaw 1995; Shaw and Lee 1997) . Relatively little is known about bison ecology in southern tallgrass prairie because bison have only recently been reintroduced after more than a century-long absence (Shaw 1995) .
As bison populations increase in public and private herds and their reintroduction in tallgrass prairie expands, it is important to understand mechanisms responsible for differences in distribution and resulting impact (Augustine and McNaughton 1998) . Selective habitat use by herbivores, including bison (Meagher 1973; Melton et al. 1989; Shaw and Carter 1990) , has been attributed to many factors (Plumb and Dodd 1993) such as forage availability (Hobbs and Swift 1988) , population density (McNaughton 1984) , and social organization (Coppedge et al. 1998a) . Because reintroduction of bison to southern tallgrass prairies is relatively recent, few investigations of bison in a heterogeneously burned landscape have been conducted (Coppedge 1996) . Factors that could influence bison distribution and subsequent impact include group size and type, burn history, patch use, and plant community (Senft et al. 1987; Steuter et al. 1995; Wallace et al. 1995) . Seasonal changes and geographic variation in group size and composition are common in ungulates (Bender and Haufler 1999; Marchal et al. 1998) , including bison (Meagher 1973; Van Vuren 1983) . Group size can have a substantial influence on the ecological impacts of bison (Shaw and Lee 1997) if large groups concentrate in particular habitats (Augustine and McNaughton 1998) .
Reintroduction of fire into tallgrass prairie alters the plant community, particularly relative to season of burning. A seasonally variable, patch-burning system produces areas with pronounced vegetation differences (Fuhlendorf and Engle 2001) . Despite these differences, previous studies of bison habitat preference have focused primarily on areas in their 1st growing season after burning (Coppedge and Shaw 1998; Coppock and Detling 1986) . Heterogeneity of resource abundance in seasonal burns during their 1st and subsequent growing seasons likely influences bison foraging strategies both temporally and spatially (Bergman et al. 2001) .
We examined the dynamics of bison distribution on a patchburned tallgrass prairie by comparing seasonal differences in group size and composition, and relating those differences to bison use of burn patches by season, time since burning, and season of burn. A spatially random and temporally variable burning regime was used to mimic a natural burn mosaic (Axelrod 1985; Bragg 1982; Collins and Wallace 1990; Fuhlendorf and Engle 2001) . We predicted that seasonal variation in bison distribution due to burning regimes would influence bison grouping behavior. Further, we predicted that recently burned areas, particularly those burned in spring and summer, would provide the greatest attraction to bison, lead to larger groups of bison, and result in disproportionate use of burns.
MATERIALS AND METHODS
Study area.-We conducted our research at The Nature Conservancy's 15,342-ha Tallgrass Prairie Preserve (368509N, 968259W) located 25 km northwest of Pawhuska, Oklahoma. Our study was conducted on 1 of the last remaining unplowed tracts of tallgrass prairie in North America, in which bison and fire are being restored as functional components of the prairie ecosystem (Hamilton 1996) . Primary vegetation consisted of big bluestem (Andropogon gerardii), little bluestem (Schizachyrium scoparium), switchgrass (Panicum virgatum), and Indian grass (Sorghastrum nutans). Beginning in 1993, The Nature Conservancy conducted controlled burns on a random 3-year return interval during 3 seasons. One-third of Tallgrass Prairie Preserve was burned annually: 40% in early spring when vegetation was still dormant, 20% in summer growing season, and 40% in dormant autumn-winter (Hamilton 1996) . Areas that had not been burned in the previous year provided enough biomass to carry a fire and were selected at random by Preserve personnel. Seasonal burns varied from 30 to 600 ha and were separated into smaller patches (1 isolated burn area) using natural and human-made firebreaks. Size and shape of the burned area was determined by locations where firebreaks were possible.
Bison were confined to 4,197 ha by a 2.5-m fence. At the beginning of our study in May 2000, there were 869 adult bison with 330 calves. The population numbered 1,197 adults with about 369 calves at the end of data collection in August 2001. The herd sex ratio was about 1 male : 5 females. One-half of the yearling males, males . 6.5 years old, and females . 13.5 years old were culled during an annual roundup conducted in October. More than 95% of the herd was captured during the roundup.
Rainfall during the study period was 10.6% less than average (National Oceanic and Atmospheric Administration 2001), but free water was available year-round from seasonal creeks and human-made ponds dispersed relatively uniformly throughout the unit. There was no supplemental feeding of bison, but free-choice mineral licks were distributed at about 1 lick/450 ha throughout the bison unit.
Data collection.-From June 2000 to August 2001, we observed bison on foot or from a vehicle using 9 Â 25 binoculars, starting from a randomly selected point along a 55-km driving route covering the bison unit . We completed the route every sampling day, and we drove it at speeds of about 10 km/h. After a bison group was located, we recorded group size, composition (sex and age class), location on a 1:24,000 United States Geological Survey topographic quadrangle map, and burn history (season of burn and burn age). We categorized group types as mixed, bull, or cow-calf groups. Mixed groups consisted of females, their offspring, and mature and immature males (Fuller 1966; Meagher 1973) . Bull groups comprised primarily .2-year-old males. Cow-calf groups comprised females, young-of-the-year, yearlings, immature males (,2 years old), and 2 males . 2 years old. We defined groups as cohesive units of !1 animal, readily distinguishable as separate entities !100 m apart. Our sampling for group composition consisted of census scan samples for !20 min (Altmann 1974 ) with observation time scaled up to 3 h for larger herds. We stratified observational periods evenly throughout daylight hours. Total number of observations varied seasonally because of differences in number of groups, despite relatively equivalent time in the field. No observations were made in October because of disturbance caused by the annual bison roundup.
Data analysis.-We defined a sampling unit as a bison group. For groups observed twice in a day, we did not include the 2nd sample in analyses because of a lack of independence. Only adult bison (. An a value of 0.05 was used in all statistical tests. To examine differences in group size by season, we ranked group size as ,20, 20-49, 50-99, 100-299, and !300 adult animals and analyzed rank by each season in a 5 Â 5 contingency For testing differences in seasonal use of burn patches by patch age and burn season, we calculated a selectivity index value for each burn type by age (Vinton et al. 1993 ). The selectivity index was the percentage of total number of bison located that day using a particular patch divided by proportion of the total area the patch covered. A total count of all individuals in all groups on a patch was chosen over number of groups on a patch because of major differences in group size and similar results from individual and group counts (Coppedge 1996) . A selectivity index value of 1.0 indicated nonselective use of an area; values . 1.0 indicated preference and those , 1.0 indicated avoidance of a particular patch type (Schuler 2002) .
Patch age (1-4 years) was set as the number of growing seasons that an area had experienced after burning. Burned areas averaged .450 ha and were presumably large enough not to hinder use by presence of another group. If a group covered .1 patch, group size was divided by the number of patches used. We analyzed selectivity indices with repeated measures of season and patch age with an unstructured covariance model (PROC MIXED-SAS Institute Inc. 1990), chosen by the lowest Akaike's information criteria (AIC c - Anderson et al. 2000) . Burn seasons were analyzed with season and patch age as covariables using an unstructured covariance model in the same manner. We calculated least squares means for each category of patch and tested for significance using 95% confidence intervals (95% CIs-Cherry 1996).
RESULTS
We observed 1,545 bison groups during 885 h of sampling. Fig. 1 ). Third-year burns were used less than expected throughout the entire year, as were 4th-year burns except in autumn (Fig. 1) .
Because of significant interactions (F ¼ 4.16, d.f. ¼ 24, 540, P , 0.0001), we separated analysis of burn seasons by patch age and season. For patches in their 1st growing season (Fig.  2) , analysis of 95% CIs of selectivity indices indicated spring burns were used disproportionately more than other seasonal burns in summer 2000 (95% CI ¼ 1.23-1.92) and 2001 (95% CI ¼ 1.43-2.23) but in proportion throughout the rest of the year. Summer burns were used as expected in all seasons except autumn (95% CI ¼ 0.11-0.44). Autumn burns were used more than expected in spring (95% CI ¼ 1.58-2.91) and summer 2001 (95% CI ¼ 1.27-2.47). Patches in their 2nd growing season that were burned in spring and autumn were used less than expected during all seasons except autumn, whereas summer burns were used less only during summer. The majority of patches in their 3rd (F ¼ 7.22, d.f. ¼ 14, 204, P , 0.0001) and 4th (F ¼ 6.61, d.f. ¼ 4, 229, P , 0.0001) growing seasons since burning were used less than expected. Unburned areas (patches not burned since 1993) never received substantial use during any season (F ¼ 2.33, d.f. ¼ 4, 104, P ¼ 0.061).
DISCUSSION
Bison groups.-Average bison group size and composition differed seasonally. Bison groups at Tallgrass Prairie Preserve were largest during summer and smaller in autumn and winter. These groups, sometimes numbering .1,000 animals, are the largest contemporary bison groups on record (Berger and Cunningham 1994; McHugh 1972; Meagher 1973; Shackleton 1968; Shult 1972; Van Vuren 1983) . This large group size was likely related to abundant and patchily distributed forage (Fryxell 1991; Morton 1993) , rather than a characteristic of the species. Mixed groups were the largest and were found most often in spring and summer, coinciding with the primary growing season of the vegetation. Despite increased population size, which resulted in a higher density, group sizes in summers 2000 and 2001 did not differ. We observed that large groups, composed of several hundred animals, were transitory, often lasting ,1 day and would splinter into smaller groups of 10 to .100 individuals (McHugh 1972) .
Most studies of bison behavior have found that the largest groups occurred during rut (Berger and Cunningham 1994; Meagher 1973; Shackleton 1968; Shult 1972) , but in tallgrass prairie, bison formed herds of .300 individuals (25-35% of the total population) 2-3 months before the onset of rut (Schuler 2002) . After rutting behavior subsided in September, bison again separated into smaller (6-25% the size of mixed herds), sexually segregated groups. Although bison are gregarious and influenced by group membership, extended herd cohesion is uncommon (Carter and Shaw 1988; Van Vuren 1983) . Thus, group membership is not necessarily a factor in selection of foraging sites (Komers et al. 1993; Wallace et al. 1995) .
Seasonal patch use.-In keeping with our prediction, seasonal use of burned areas in our study indicated a strong preference for recently burned areas during spring and summer (Coppedge and Shaw 1998; Nellis and Briggs 1997) , resulting in disproportionate grazing pressure on recently burned areas (Fuhlendorf and Engle 2001) . Patch use was more variable by time since burn during autumn and winter than other seasons, and thus smaller groups were widely dispersed over more patches of varying age (Fryxell 1991; Vinton et al. 1993) . A temporally variable and concentrated density of bison during the growing season potentially causes substantial ecological changes in tallgrass prairie. Knapp et al. (1999) suggested that the bison is a keystone species that is capable of having a disproportionately large impact on tallgrass prairie; these impacts are magnified by bison herds concentrated on burned areas in summer.
Interactions between season of use, time since burn, and season of burn are important determinants of bison grazing preferences. In spring and summer, areas in their 1st growing season since burning were used most often (Coppedge 1996; Larson and Murdock 1989; Nellis and Briggs 1997) . There was a similar pattern of selection between the 2 summers, but the selectivity index for 1st-year burns was greater in summer 2001 than in summer 2000 (Fig. 1) . This was likely due to higher herd densities in 2001, combined with less total burned area.
For recent seasonal burns, new spring burns were selected most often in summer and were used proportionately throughout the rest of the year. However, summer burns were used less than expected when available. Autumn burns were overused in proportion to availability during spring and both summers but not during autumn and winter. That pattern reflects bison's preference for grasses (Coppedge et al. 1998b; Plumb and Dodd 1993) . Most patches . 1 year old were used less than expected relative to availability, but because 1st-year burns were used so heavily during summer, bison may regraze the previous year's burns during autumn. Unburned areas were always used less than expected (Coppedge 1996) . Therefore, seasonal burning influenced bison distribution, particularly with respect to burn age.
Bison and tallgrass prairie.-Bison and fire are considered to be the 2 primary factors that shaped the historic tallgrass prairie (Axelrod 1985; Hamilton 1996) . Undisputedly, bison interact with fire effects by selecting burned areas (Fuhlendorf and Engle 2001) , but mechanisms behind burn selection by bison are not well understood. Knapp et al. (1999) suggested that more research was necessary for identification of factors influencing grazing patch selection. Generally, large ungulates feed randomly within a patch but select areas for grazing based on forage abundance at landscape scales (Wallace et al. 1995) . Incorporating fire into tallgrass prairie alters the plant community, particularly by season of burning. Therefore, individual patches differed in forage characteristics based on when they were burned. Specifically, spring burns and unburned areas have the highest relative composition of perennial tallgrasses, whereas summer burns have the highest levels of annual grasses, forbs, and legumes (Coppedge 1996; Engle et al. 1998) . Burning in spring increases production of dominant grasses and decreases detritus, which both influence bison grazing (Coppock et al. 1983) . Presumably, these factors encourage selection of spring burns by bison during summer. However, unburned areas were not selected, despite having the greatest proportion of dominant tallgrasses. Vinton et al. (1993) found infrequently burned tallgrass prairie (20-year interval) had the highest level of C 3 grasses. It is likely that abundance of forbs and accumulation of detritus deters bison grazing in those areas (Pfeiffer and Hartnett 1995) .
Nutrient values of native tallgrasses vary by season (Waller et al. 1972) , regardless of burning, and season appears to influence patch selection. Plants with a C 4 photosynthetic pathway (typically warm-season plants) tend to have lower nutrient value than C 3 grasses, yet bison favored C 4 plants as the growing season advanced (Steuter et al. 1995) . That was illustrated by equal use of spring and autumn burns in spring, with a shift toward increased use of spring burns later in summer. Late spring burns (typically burned in May) tended to increase standing crop of big bluestem later in the growing season (Mitchell et al. 1996) . Bison exploit vigorous growth of tallgrasses in summer by selecting new burns that produce the highest biomass (Coppedge et al. 1998a; Fuhlendorf and Engle 2001) , thereby avoiding detritus and maintaining grazing lawns (McNaughton 1984) . In winter, random feeding patterns allow bison to decrease movement and conserve energy , particularly when forage quality is low (Wallace et al. 1995) . With limited high-quality forage available in autumn and winter, large herbivores feed in areas where they can increase intake (Bailey et al. 1996) , but given availability of new burns to bison at the Preserve, they probably do not need to resort to low-quality, high-quantity unburned areas.
Bison use recent burns even after they are virtually devoid of vegetation, but whether they continue to use that area because it maintains the highest forage quality (Mitchell et al. 1996) is unknown. It is apparent that bison have a substantial impact on newly burned areas, most prominently during summer, and that these impacts are localized to particular areas (Coppedge et al. 1998a; Knapp et al. 1999) . A seasonally variable, patch-burn system should take into account bison preferences and grouping behavior in determining when and where to conduct burns, because bison grazing intensity and seasonal burn type are capable of substantially influencing postburn vegetation (Coppedge et al. 1998a) . If bison graze areas burned in spring, they will maintain grazing lawns (Augustine and McNaughton 1998) of perennial tallgrasses and avoid areas burned in summer that produce more annual grasses, forbs, and legumes. During summer months, large mixed groups on these spring burns are more likely to wallow and trample vegetation as well. If only summer burns are available, bison would be more likely to uses burned and unburned areas more equally, resulting in diffused grazing pressure and more structural complexity.
Historically, bison in North America likely distributed themselves seasonally in relation to the natural burn mosaic across the landscape. Wildfires were probably large, which may account for historical records of pioneers traveling for days through large herds of bison (Botkin 1995) . Speculation over the number of bison inhabiting North America during the turn of the century rely on such historical accounts (Shaw 1995; Shaw and Lee 1997) , but it is possible that large herds comprised most bison in a particular area if they were aggregated on a recent burn during spring and summer. For contemporary bison herds, effective management is possible through understanding the interaction of bison and fire through time. In our study area, the combination of large bison herds selecting recently burned areas resulted in seasonally variable and concentrated grazing pressure that had the potential to substantially alter site-specific vegetation. These dynamics must be considered when reintroducing bison and fire into tallgrass prairie because variable outcomes of floral richness and structural complexity likely depend on temporal-spatial distribution of bison.
